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I I I . — T H E RAISED BEACH OF NORTH DEVON : ITS RELATION TO OTHERS
AND TO PALEOLITHIC MAN.
By HENRY DEWEY, F.G.S., H.M. Geological Survey.
WHILE mapping the Upper Devonian and Carboniferous Rocks inNorth Devon I took the opportunity of examining the raised
beach of Barnstaple Bay and the deposits resting upon it. As a result
of my observations I found that the sequence of these deposits is
identical bed for bed with that of Cornwall, South Wales, and
Southern Ireland, except that in place of the Boulder-clay there is in
North Devon a bed of clay with striated stones which may not be of
glacial origin. The position of the Boulder-clay over the ancient head,
however, corresponds with the position of the bed of glaciated stones
and indicates the infra-Glacial age of the ' head '. The fact that the
' head' is contemporaneous with ' Coombe Rock' has been held by
all geologists familiar with the subject. It is a fact of first-class
importance with regard to the relationship of man to the Glacial
period, for it proves that man existed before these Boulder-clays
were deposited. The evidence is inferential and supplied by the
occurrence of Palaeolithic implements of Le Moustier type in the
Coombe Rock of Southern England and France. Granting, then, that
the Le Moustier period is infra-Glacial, it remains to be seen to what
Palaeolithic period the raised beach belongs. We will proceed to
consider the evidence available up to date, commencing with a brief
account of the raised beach of North Devon.
North Devon.
From Morthoe to Westward Ho the raised beach can be recognized,
intermittently notching the cliffs and forming a shelf some ten to
fifteen feet above sea-level. It also extends inland as a flat terrace
to Croyde village, and up the valley of the Taw towards Barnstaple.
It has formed the subject of many contributions to geological literature,
and a detailed account is therefore not required. A few localities
will be selected where the sequence of deposits is well exposed, and
short accounts of these will be given.
Between Croyde Sand and Saunton Down it is especially clear. In
a road cutting and cliff sections in front of Down End House the
sequence is readily recognized. The raised beach lies on a shelf and
is covered by a variable thickness of current-bedded sand. Lying on
this sand is a deposit of ' head ' with a bed of large rounded stones
resting on it, the top of this bed being 65 feet above O.D. The sands
consist of alternate layers of hard and soft rock, the hard rock
forming cornices with hollows beneath whence the soft sand has been
eroded. The sand is shelly, containing numerous flakes and fragments
and some whole tests of mollusca. Prestwich collected the following
species' : Helix virgata, Da Costa, H. eantiana, Mont., Bulimus
ventricosus, Drap., and quotes Gwyn Jeffreys, who remarks, " The
Bulimus is a South European species, its most northern habitat being
the south-west coast of France. The Helices are of species still
living in the district." The fauna is warm temperate. The raised
1
 Quart. Journ. Geol. Soc, vol. xlviii, p. 284, 1892.
Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0016756800126056
Downloaded from https://www.cambridge.org/core. James Cook University Library, on 29 Jul 2018 at 08:17:25, subject to the
Henry Dewey—Raised Beach of North Devon. 155
beach consists of pebbles of slate, hard sandstone, vein - quartz,
quartzite, and chalk-flints. Among the beach stones the familiar
boulder of red granite lies on the raised beach platform. It
resembles a gneissose granite from near Cruinard Bay, Eoss-shire;
other boulders are found near by which appear to have travelled from
the West of Scotland.1
If these boulders are from Scotland (and they are certainly not
derived from the West of England) it is difficult to assign any agency
other than ice as their transporters. If ice-borne the seas of Scotland
were Arctic and those of Southern England cold.
We have, then, the following sequence of deposits corresponding
with a sequence of climates—
Bed of rounded stones (?).
Head(?).
Cemented sand (warm temperate).
Baised beach, with boulders (cold).
The climatic conditions in which the bed of large stones was deposited
is not indicated at this locality, but is suggested by a similar deposit
near Fremington.
On the west side of Fremington Pill a low cliff is covered by beach
stones and 'head', with a bed of clay and stones resting on top.
Some of these stones bear deep scratches, are flat, with one side
smooth and the other rough, while others are smooth both sides. The
striae are roughly parallel to one another, and each is an elongated
wedge trenching the stone and ending abruptly at its widest part.
The clay in which they rest is brownish and loamy. They closely
resemhle striated stones from glacial till, and had they occurred in
a glaciated district would be accepted as of glacial origin. But as
there is a doubt as to the age of the clay it may be objected that the
striae were produced by some agency other than ice. The evidence
for their glacial origin is, however, as strong as that adduced for the
glacial origin of the Palaeozoic tills, which is generally, though not
unanimously, accepted by geologists.
A bed of clay in the immediate neighbourhood of the section has
long been worked for the ' Barum ' ware. I t is a fine, smooth,
mottled clay and contains large boulders. One of them is a hyper-
sthene andesite resembling the tholeite of Loch Craignish, Argyllshire,
while another is a granophyre.1 The clay was therefore deposited
under such conditions as would permit large erratic boulders to be
dropped in it. . It may be Boulder-clay as Maw 2 thought possible,
and if so supports the view of the glacial origin of the striated stones.
The railway cutting a few yards north of the section described shows
current-bedded sand resting on the raised beach and itself covered
with ' head '. Hence the sequence in descending order is—
Bed of clay, with striated stones and boulders (? Arctic).
Head.
Cemented sand (warm temperate).
Eaised beach (cold).
1
 Proc. Geol. Assoc, vol. xxi, p. 429, 1910.
2
 Quart. Journ. Geol. Soc., vol. xx, p. 445.
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Cornwall and South Devon.
The striking resemblance between these beds and those of North
Cornwall led me to re-examine a fine section at Trebetheric Point,
opposite Padstow. At this locality a thick bed of boulders consisting
of quartz, greenstone, el van, quartzite, flint, and hard grit rests
partly on ' head' and partly on, and in hollows in, the cemented
sands. The sands contain marine fossils such as limpet, mussel, and
crab. While the underlying beach is preserved in patches only, the
raised beach platform is conspicuous in the adjoining bay and on
both sides of the estuary of the River Camel. The sequence of
deposits is identical with those in North Devon, and persists in some
degree all round the coasts of Cornwall and South Devon. The
raised beaches of the West of England were admirably described by
Ussher and others, so that further description is not necessary. It
should, though, be mentioned that Reidl discovered an important
section of raised beach at 65 feet above O.D. This is in Penlee
Quarry, near Mousehole, on the east of Land's End.
Mr. Barrow2 also made an important discovery in the Isles of
Scilly, where a bed of glacially striated stones overlies ' head' and
raised beach. And, what is of even greater consequence, he correlated
this glacial deposit with the ' Limon' or Loess of the coast of
Brittany, pointing out the identity of the succession seen in Brittany
and Cornwall. This is important in relation to the question of
the age of the raised beach, for, as will presently be shown, the
' Loess' ranges from St. Acheul to Le Moustier in the Palaeolithic
Series. From the accounts given it is evident that the same sequence
of deposition occurred along the coasts of the whole of Cornwall
and Devon. Moreover, it includes deposits formed under varying
climatic conditions ranging from cold, if not Arctic, at the com-
mencement of the raised beach phase, through warm temperate,
when the sands were deposited, to a second cold period whose
incoming is marked by the ' head' and its maximum by the bed of
striated stones. Such faunal evidence as we possess confirms this
order of events.
Glamorgan and Southern Ireland.
We may next inquire how far this sequence extended into
neighbouring regions, namely Glamorgan and Southern Ireland on
the one hand and the south coast of England on the other. To take
Glamorgan first, we know from the observations of Prestwich,3
Falconer,3 Tiddeman,4 Strahan,5 and Leach6 that the deposits over-
lying the raised beach in Glamorganshire are in descending order—
Recent head.
Boulder-clay.
Ancient head.
Blown sand (often cemented into sand-rock), with breccia.
Raised beach, with erratics.
1
 Geology of the Land's End (Mem. Geol. Surv.), p. 75.
2
 Geology of the Isles of Scilly (Mem. Geol. Surv.), pp. 21-31.
3
 Quart. Journ. Geol. Soc, vol. xlviii, p. 263, 1892.
4
 Rep. Brit. Assoc, 1900, p. 760.
5
 Geology of South Wales Coalfield (Mem. Geol. Surv.), pt. viii, p. 127, 1907.
GEOL. MAG., 1911, p. 462.
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If this succession be compared with that obtaining in Cornwall
and Devon its close similarity is at once seen. In Glamorgan
it is the more striking on account of the presence of true glacial
till overlying the ancient ' head '. This till, therefore, represents
the bed of striated stones and the boulder bed of Devon and Cornwall,
and supplies strong evidence of the sequence of climates in Western
Britain. The faunal evidence is entirely confirmatory. This is
supplied for the most part from the mammalian deposits of the Gower
Caves. In considering the relationship of these deposits to those of
the contiguous raised beach Dr. Strahan ' states of Falconer's con-
clusion that " granted his contention that the marine sands of the
caves belong to the raised beach, and that the breccia associated
with the marine sands corresponds to the breccia associated with the
raised beach, it follows that the mammalian remains found in those
deposits were placed there before the deposition of the boulder-clay ".
The fauna described by Falconer is a mixed one, but contains
mammalia indicative of a warm temperate climate. These are Elephas
antiquus, Rhinoceros leptorhinus, Hippopotamus major, Felis leo, and
others. Moreover, it is a fauna which is found in association with
Palaeolithic implements of the Chelles stage of culture. On the
Continent the fauna associated with Chellean palseoliths is always
a warm temperate or southern one ; but in England northern animals
are found with the southern ones. As we shall see later, the
southern forms drop out of the fauna associated with a later stage
of Palaeolithic culture belonging to a period of advancing cold. In
other words, the northern animals could survive a temperate climate,
while the southern ones were either killed or forced to migrate on
the approach of the cold.
It is important to assess the value of this evidence rightly so as not
to overrate its significance. Taking Falconer's list of mammalia, the
following significant species are referred to their several periods in
the vertical columns :—
Gower Caves.
Ursus spelmus .
Mustela putorius (Polecat)
Lutra vulgaris (Otter)
Hytzna crocuta .
Rhinoceros leptorhinus
Rh. tichorhinus
Elephas antiquus
E. primigenius .
Sus scrofa .
Pliocene.
X
X
X
X
X
9
X
Pleistocene.
—
x
x
x
x
x
x
x
x
x
Chelles.
X
 X X X
 X
Le Moustier.
X
X
X
From the list2 it will be seen that the fauna agrees more with the
Chelles period than with either the Pliocene or Le Moustier. Prestwich
1
 Geology of South Wales Coalfield (Mem. Geol. Surv.), pt. viii, p. 127, 1907.
2
 E.T.Newton, in Vertebrata of the Pliocene Deposits (Mem. Geol. Surv., 1891).
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compared the deposits in which these remains were found with the
cemented sands overlying the' raised beach south of the Bristol
Channel, and concluded that they were synchronous, and that the
animals of the caves formed an assemblage which was "the last one
of the Pleistocene fauna with the exception of that of the Rubble
Drift * or head ". Hence the sequence in Glamorgan in relation to
Palaeolithic man is as follows:—
Becent head.
Boulder-clay (glacial).
Ancient head (Le Moustier and advancing cold).
Cave sands, etc. (Chelles, warm temperate).
Raised beach (cold).
In the South of Ireland Wright & Muff (Maufe)2 recognized the
same sequence at many localities, but two Boulder-clays overlie the
head in superposition. The succession is therefore continuous from
Eastern Devon to the south-west of Ireland. If we compare it
with the one recognized on the coasts of Southern England we find
it persists as far east as Folkestone. We may note in reference to
climatic conditions thatra fauna was found in the ' ancient head' of
Cawsand Bay near Plymouth, which includes Elephas primigenius
and Hyana, while in a fissure near Plymouth these two forms were
associated with Rhinoceros tichorhinus, Rh. megarhinus, Cervus tarandus,
and Bos primigenius—forms which are characteristic of the ' head '
further east.
Southern England.
The raised beach deposits of the South of England have long
attracted attention, and have formed the subject of many contributions
to geological literature. The chief observers are Mantell, Godwin-
Austen, Prestwich, and Reid. In most cases where the beach is
preserved the sequence is curtailed, but instances are not wanting
where the several stages are recognizable. Thus we have—
3. Coombe Bock or head.
2. Clay or sands (temperate).
1. Baised beach.
3. All observers agree in regarding the Coombe Rock and head
as being equivalent to one another, and there is no valid evidence
to the contrary. The Coombe Rock has a tolerably rich fauna and
one indicative of a cold climate. Moreover, it possesses a type of
palaeolithic implement by which its place in the Palaeolithic sequence
can be identified. I refer to the well-known Le Moustier type. These
have been found abundantly in Coombe Rock at several localities,
and at two overlying raised beach, namely at Sangatte near Calais
and at Portslade near Brighton, where the rock included a palasolith
approaching the St. Acheul type. The associated fauna includes
Elephas primigenius, Hippopotamus, Rhinoceros tichorhinus, Cervus
tarandus, C. elaphus, Sus scrofa, Equus caballus, Bos, JTyeena, etc.
Reid and others have called attention to the glacial character of the
1
 Quart. Journ. Geol. Soc, vol. xlviii, p. 305, 1892.
3
 Sci. Proc. Boy. Dublin Soc, N.S., vol. x, pt. ii, No. 25, p. 250, 1904.
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deposit, which received its name from Dr. Mantell, who first described
its occurrence at Brighton.
2. Underlying Coombe Rock at Selsea Promontory is an interesting
series of deposits described by Reid.1 First is a floor with stranded
erratic blocks, one deeply striated, and many of foreign origin,
apparently associated with a bed of clay containing a fauna and flora
of Arctic species, which in turn is covered by a loam with no Arctic
but many warm temperate forms.
1. The raised beach platform is strewn over with boulders of
rock that have travelled far from their source. These include
granites, gneisses, porphyries, and many other varieties of igneous
rocks which have been described by Prestwich, Bonney, and others.
Prestwich considered that they were in part derived from Scandinavia,
Central Germany, and the Ardennes, and had been carried by ice
southwards and stranded on the shore of the South of England. He
therefore inferred that the Straits of Dover were then in existence.
That this ice was not due to the advance of a glacial episode but
rather to the retreat of one is evident from the fauna of the raised
beach. Of this Prestwich says2: " Of the total of sixty-four species
(of mollusca) only thirty-nine are common to the glacial drifts of
the North of England and Wales. There is the absence also . . . of
such northern shells as Astarte borealis, Ledapernula, Fusus islandicm,
Natica grcenlandia, and others common in the glacial drift. The
raised beach mollusca agree therefore pretty closely with the
molluscan fauna now living in the British seas."
We are now in a position to compare the raised beach deposits
and their faunas of the several coasts described previously, and to
consider the sequence of events which led to their formation. To
make the comparison readily intelligible the following tables are
arranged:—
Climatic
Conditions.
acial .
vaneing cold
arm tem-
perate
tlining cold -.
icial .
South of
England.
Coombe Bock
Beds of loam
(in places)
Glacial erratics
Raised beach
—
Cornwall and
Devon.
Bed of boulders
and striated
stones
Head
Current-bedded
sands—
cemented
Glacial erratics
Eaised beach
Glamorgan.
Boulder-clay
Head
Current-bedded
sand—cave
deposits
Glacial erratics
Eaised beach
—
South Ireland.
Boulder-clay
Head
Current-bedded
sands
Glacial erratics
liaised beach
—
From an examination of this table we may say that there can be
no doubt as to the identity of the sequence over the whole of the
southern parts of Great Britain and Ireland. Granting this, then,
there remains to be considered the relation of Palaeolithic man to the
several episodes indicated by the deposits. The evidence given so
Quart. Journ. Geol. Soc, vol. xlviii, p. 344, 1892. Ibid., p. 263.
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far is that a fauna closely related to that found with Chellean man
occurs above the raised beach of Glamorganshire and below the
' head'. No Chellean palaeoliths, however, have so far been found
with this fauna, and so a doubt remains. But there can be no
question as to its temperate character. The ' head' has yielded
a fauna which is distinctive of Le Moustier times. Implements of
Le Moustier type have been found in association with it in Coombe
Rock both in England and France. The ' head' is therefore of
Le Moustier period, in part at any rate, and this succeeds the supposed
Chelles fauna of Gower.
Inland Localities.
We may now turn to the evidence supplied by deposits containing
these palseoliths at inland localities. Perhaps no better district could
be found where such Palaeolithic deposits occur than the Thames
Valley. We will, therefore, briefly consider the gravels of the Thames
Valley in relation to Palaeolithic man.
Since the Chalky Boulder-clay was deposited the Thames has
eroded a wide channel during a succession of periods of activity
alternating with long periods of rest. The result is a series of
terraces at various heights above its present level. The highest
of these has been termed the 100 foot terrace, and it rests upon
Chalky Boulder-clay. The terrace is composed mainly of gravel
containing an abundance of unworn Palaeolithic implements of Chelles
type, associated with remains of mammalia. Hence the Chellean
period is later than the Chalky Boulder-clay. In making this statement
reliance has not been placed upon the evidence derived from the
Thames Valley alone, but also upon the known fact that wherever
Chellean implements are found in an area of Chalky Boulder-clay
they are always later than that deposit. The following instances
will suffice to verify the statement. At Biddenham,1 in Bedfordshire,
the River Ouse has cut a valley 60 feet deep through Boulder-clay,
and in its gravels palaeoliths of Chelles type occur abundantly. In
the classic localities of Suffolk2 palseoliths of both Chelles and
St. Acheul type occur in deposits overlying the Chalky Boulder-clay;
while at Hoxne3 the well-known section shows an infilled valley cut
in Boulder-clay with St. Acheul implements in its upper gravels.
The 100 foot terrace of the Thames is therefore Chellean and post-
Chalky Boulder-clay. After its deposition uplift occurred with
rejuvenescence of the river and its tributaries, which led to the
formation of another terrace after the river had cut down its channel
some 40 feet; this is the 50 foot terrace. Mr. A. M. Bell4 has
described from the gravels of this terrace at Wolvercote, in Oxford-
shire, palaeoliths of late St. Acheul or Le Moustier type. These are
figured by Sollas5 in Science Progress, and are associated with the
1
 J. Prestwich, Quart. Journ. Geol. Soc, vol. xvii, pp. 366-7, 1861.2
 W. Allen Sturge, Proe. Prehist. Soc. E. Anglia, vol. i, pt. i, p. 43, 1912.3
 C. Reid, "Relation of Palaeolithic Man to the Glacial Epoch" : Rep..Brit.
Assoc, 1896, pp. 1-13.
4
 Quart. Journ. Geol. Soc, vol. lx, pp. 120-30, 1904.5
 Science Progress, No. 15, 1910, p. 383.
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' mammoth ' fauna. Lower down stream, near Gravesend, a tributary
has cut through the 100 foot gravels of the main river a valley some
40 feet deep, which is partially infilled with Coombe Rock. In
this deposit many thousands of palseoliths have been found. They
are identical with the ' Levallois flakes' of French authors, and occur
much as they were left by their manufacturers before the downrush
of Coombe Rock overwhelmed them. The evidence derived, then,
from the Thames Valley is that after the Chalky Boulder-clay had been
deposited the Thames cut a deep valley in several stages. The highest
of these contains (1) a fauna indicating a warm temperate climate, and
(2) Chelles palaeoliths. After a period of uplift another terrace was
cut in which animals of a cold climate are found in association
with Le Moustier palseoliths, St. Acheul man living in the interim,
Expressed in a tabular form we have the following sequence : —
Le Moustier period = Coombe Bock 1 / , . , ,*St. Acheul period J(advancing cold).
Chelles period (temperate).
Chalky Boulder-clay (Arctic).
This sequence of climates is identical with that indicated by the
raised beach deposits, but to make it clear the several stages are
shown in the following table—
Arctic
Advancing cold .
Warm temperate-!
Betreating cold .
Arctic
Palaeolithic
Period.
Le Moustier
St. Acheul
Chelles
Strepy
Biver Thames.
Ponders End deposits
Combe Bock \
50 ft. terrace gravels /
100 ft. terrace gravels
Chalky Boulder-clay
Baised Beaches.
Boulder-clay
Head
Cemented sands and
cave sands
Erratics of raised
beach
Conclusions.
1. That the deposits overlying the raised beaches were accumulated
during a period of variable climate, being Arctic at first, then
ameliorating to warm temperate, and finally returning to Arctic.
2. During the inter-Arctic period early Palaeolithic man lived.
He is later than the Chalky Boulder-clay and raised beach and earlier
than the Boulder-clay of Glamorgan and Southern Ireland.
3. These conclusions accord with those of Continental authors,
a brief summary of which is appended.
Summary of Conclusions of Continental Observers.
Professor Coramont * has worked out the relations of the valley
deposits of the River Somme to the stages of culture of Palaeolithic
1
 " Les Gisements pal^olithiques d'Abbeville," Excursion de la Societe
g^ologique du Nord et de la Faculte des Sciences de Lille, a Abbeville, le
11 Juin, 1910; and "Comparaison des Limons Beiges et Etrangers," Ann. Soc.
geol. Belg., torn, xxxix, 1912.
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man. He finds that a terrace 30 metres above the bed of the river is
covered with a sequence of gravels, sands, and the younger Loess
which contain a fauna including Elephas antiquus, Hippopotamus,
Horse, and the ancestor of E. primigenius. Along with these
remains implements of Chelles type are found in abundance. Another
terrace, 20 metres below this, is overlain by similar deposits,
but the Palaeolithic implements contained in these are later *and
include late Chelles (Chelleen evolue) and St. Acheul types. Both
these terraces are covered with a younger Loess full of implements of
Le Moustier type.
Penck & Bruckner* consider that the younger Loess (Le Moustier)
passes under the moraines of the fourth glacial episode. They thus
agree with the conclusions of Professor Commont, but differ from him
and from Professors Boule and Obermaier in placing the St. Acheul
period in the second interglacial period. Professor Boule speaks of
the discovery of St. Acheul palaeoliths in the moraines of the third
glacial episode; and Obermaier records them from the 55 metres
terrace of the River Garonne, which he correlates with moraines of
the third glacial episode.
These conclusions are shown in the subjoined table, where they are
compared with the evidence derived from a study of the Palaeolithic
and glacial deposits of the southern parts of Great Britain. A very
close agreement is seen to obtain among the European deposits of
different localities, associated with the remains of Palaeolithic man :
an agreement which strengthens the evidence as to the age of the
raised beaches of Southern England and Wales.
IV.—THE DIVISION OP THE TJPPEE CHALK.
By A. J. JUKES-BROWNE, P.E.S., F.G.S.
THE GEOLOGICAL MAGAZINE for February contained a lengthycriticism by Mr. R. M. Brydone of my article on the Recognition
of Two Stages in the Upper Chalk, in the volume for last year. It is
certainly curious that he should set himself the task of adverse
criticism in such a voluminous fashion when he acknowledges at the
outset that he sympathizes with my proposal. I t appears, however,
that he is dissatisfied with my reference to his work, and that he
doubts the reliability of my lists of fossils from the new zones of
Offaster pilula and Actinocamax quadratus.
The first is a personal question, and the facts are these : While
I was collecting information about the zones of the Upper Chalk in
Germany and France, Mr. Brydone wrote to me (October 3, 1911)
saying that he proposed to make a new zone in Hampshire and
Sussex by separating the lower part of the old zone of A. quadratus
under a new name, and retaining a restricted zone of A. quadratus for
the upper part. He and Mr. Griffith had already divided the old zone
into three subzones, and he proposed to unite the two lower subzones
into a zone of 0. pilula, asking if I approved the use of that fossil
as an index in spite of its being very rare in the lowest beds.
1
 Die Alpen im Eiszeitalter, vol. i, p. 112, 1901-9.
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